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Examiner’s report on doctor” s thesis

Msc. Tien Tran Xuan: MODELLING OF DYNAMIC AND
STATISTICAL PROPERTIES OF A CAR SEAT WITH ADJUSTABLE
PRESSURE PROFILE

The Ph.D. student in his thesis deals with modelling and dynamic analysis of an existing patented
pneumatic spring, and further improvement of its static and dynamic properties aiming at the
increase of travelling comfort in transport vehicles. This pneumatic spring can, after being inserted
into a car seat, influence the spreading of contact pressure between the seat and human body and
improve comfort of the passengers. The system in solution is comprised of a mechanical part, and
an electro-pneumatic controlling subsystem with a compressor, reservoir, pneumatic spring,
pneumatic actuators, pressure sensors, PID regulator etc. Modelling of such a system requires
multidisciplinary approach, ability to create a complex mathematical model describing mechanical,
electrical, pneumatic and controlling part of the whole system, and also provide verification of
numerical solution in an experimental way.

The thesis numbers 103 pages including the appendix, and is logically divided into five chapters. It
also contains Publications of the author.

The aim of the thesis is possible to be characterized as an improvement of the pressure regulation in
pneumatic spring in comparison with the existing pneumatic spring so as to accelerate its reaction
and at the same time to improve its static and dynamic properties — in particular when it regards the
transmission of acceleration between the seat and the mass on the pneumatic spring.

In chapter 1 (Introduction) there is given a good outline of the problems regarding not only
conventional cushioned seats, but also seats suspended with the use of springs and absorbers. It is
pointed out that the variable stiffness of the seat enables personalisation of the seat (adjustment of
stiffness of the pneumatic spring to the weight of the sitting person and her/his perception of
comfort). However, I suppose that it might be useful for the author to get more deeply acquainted
with the problems of not only passive, but also of semi-active and active suspension of seats in
transport vehicles. One can find a quantity of corresponding contributions e.g. in the magazine
Vehicle System Dynamics. This would help the author to view possibilities of application of
developed pneumatic spring in wider context of the overall suspension in vehicles. In this regard I
find it inconvenient to call pneumatic spring in the thesis an active vibroisolation element. At the
end of this chapter objectives of the thesis are introduced in detail.

Chapter 2 the author dwells on a seat with adjustable pressure profile. It is based on the patent
whose author is doc. Ing. D. Cirkl, Ph.D. In the chapter a feedback electro-pneumatic controlling
system is described whose aim is to ensure the continuous change of stiffness of the seat by means
of the inwards inserted pneumatic spring (PSE). The controlling system has been realized in the
Labview programming language. For examining the time response of the system (reaction time) 2
working modes are defined. The first is the mode with constant stiffness, and the other with
constant pressure in PSE. Here it would have been suitable to describe the nature of both modes




and severity connected with their realization because dynamic features of both modes are very close
to each other as can be seen in chapter 3.

Chapter 3 is dedicated to the derivation of a mathematical model of both the original and the
system improved by the author, and their static and dynamic characteristics are examined. Here it is
convenient to acknowledge the capability of the multidisciplinary approach of the Ph.D. student as
it has been necessary to take into account not only the mechanical, but also the electrical, pneumatic
and controlling parts of the system. Also very proficient is is the experimental part of the thesis
required either for verification of simulation models, or for collection of paremeter values of
simulation models. The effort of the Ph.D. student is oriented towards reducing the reaction time of
the system by the increase of PSE capacity, and improving the function of the electro-pneumatic
controlling subsystem. Perhaps it is necessary to remind the author the need to construct the
mathematical model, especially of the improved system, more distinctly. Rather frequent are also
mistakes in references to equations. Somewhere, the ways of expressing oneself have not been
accurate enough even if the level of use of the English language in the thesis is generally very good.
Rather often the results of the numerical modelling are not discussed sufficiently, or some
phenomena are not physically explained. However, it is necessary to appreciate also the
experimental part of the chapter, and the general formulating of the methodology of both the
numerical and experimental analysis in the chapter.

On page 40 it would have been convenient to account for the choice of the constants of PID
regulator, i.e. how these influence dynamic characteristics — e.g. why is the integration constant
zero valued? In the course of some quantities in pictures 3.13 to 3.21 there appear some
inconsistencies. On page 57 in picture 3.39 since the time of about 12 s deflection x(f) of mass m
practically immediately follows the course of excitation z(r), moreover without any transitional
motion which would require some explanation as well. Even if picture 3.38 presents the faster
reaction of the improved system, comparison of the transmissions of acceleration e.g. in picture
3.40 shows only small differences in transmissions of the original, and the improved systems. I
would gladly recommend to compare not only the seat with the applied original, and improved PSE,
but also the seat without PSE. In this way it would be possible to document the significance of PSE
in the seat. Also it would be convenient to examine the response of the system to the stochastic
excitation (measured on the car floor under the seat). For the future I feel it necessary to recommend
to pay more attention to the quantifiable evaluation of comfort according to ISO regulations which
would enable to prove positive influence of PSE for improving seating comfort with the seat where
PSE is applied.

»

In chapter 4 a FEM model of contact between the seat and the sitting person has been created
including a simplified model of a person sitting on a seat, with emphasis put on modelling those
parts of a person which are in contact with the seat. The methodology of the modelling is both very
well-thought-out, and realized. Also numerical and experimental tests necessary for setting values
of numerous parameters of the model are carried out. Several simplifying preconditions were
Justifiable which is proved by a good concurrence of results of both simulation and experimental
models.

Chapter 5 (Conclusion) is perhaps too brief, it consists mostly of repeating observations stated in
previous chapters, and generalizing without necessary quantifiable evaluation. What I miss (afore
mentioned) quantifiable evaluation of comfort according to ISO standard 2631, stochastic excitation
together with incorporating the thesis into the model of the suspension of the whole vehicle.

Significance of the thesis for the field of science

The thesis is significant for the field of Applied mechanics. The improved pneumatic spring can,
after being inserted into the vehicle seat, influence the distribution of contact pressure between the




seat and human body, and increase comfort of persons travelling. In this regard is the thesis
important for the practice. From the scientific point of view it presents the examination of the
original multidisciplinary device consisting of mechanical part and an electro-pneumatic controlling
subsystem with detailed metodical approach towards the simulation modelling and experimental
verification.

Comments as to the procedure of solving the problem, methods used, and meeting the
objective set

The procedure of solving the problem can be considered as appropriate. The methodology of
simulation examining and also the experimental part of the thesis are worked out in detail, and are
also properly realized. Also adequate software and experimental devices have been used. The Ph.D.
student proved a very good proficiency at using these instruments and a suitable application of these
when solving problems. The objectives set, defined on page 12 of the thesis, have been completely
met. However, for the future I would like to recommend to focus more on the quantified assessment
of comfort with regard to ISO standard 2631, on using stochastic excitement, and incorporating of
pneumatic spring into the model of suspension of the whole vehicle (possibly real vehicle).

Opinion as to the results of the thesis and significance of contribution of the author of the
thesis

The results of the thesis can be considered very valuable both from the theoretical, and practical
point of view. The author of the thesis has shown abilities needed for examining the original
multidisciplinary device composed of a mechanical part, and of an electro-pneumatic controlling
subsystem. He has perfected the existing patented pneumatic spring and has shown its possible use
for influencing contact between the seat and the sitting person which enables personalisation of the
seat according to the perception of the sitting person.

Comments on methodicalness, arrangement, formal lay-out, and language level of the thesis

A demanding multidisciplinary problem, solved using simulation and experimental means (often
complementing with each other) required a worked-out systematic approach in detail. And such an
approach has been presented in the thesis. The thesis in general is clearly arranged. However, in
several cases the derivation of the mathematical model, namely of the improved system is a bit
disarranged. The thesis suffers from numerous false references to equations. Sometimes results of
numerical modelling are not sufficiently discussed, or more precisely some phenomena are not
explained exactly enough. At some point mode of expression has not been accurate. The formal
standard of the thesis is very good.

The language level of the thesis (in English language) is very good.

Comments on publications of the Ph.D. student

The author has had 6 publications, 3 of which have been published in Journal Vibroengineering
PROCEDIA, evidently after presentation at three international conferences (two of them abroad and
one in the Czech republic). The other 3 are conference publications — 2 of them in the Czech
republic with international attendance, and 1 international conference in the Czech republic. I
consider these publication sufficient, but in the future I would like to recommend the author to
publish in magazines with higher IF.

Remarks upon the thesis and less significant mistakes (numbering of pages corresponds to the
pdf file)




- page 1: incorrectly printed title MsC.,

- page 14: physical unit of quantity Cyis missing,

- page 14: in the table Notation and Symbols several quantities are missing, used in the thesis, e.g.
Vc, Des Pins Gers Prs pr

- page 24: wrongly algorythm, correctly algorithm,

- page 25: on this page there is a pressure error defined as difference between the pressure requested
pq and instant pressure ps in PSE, but in equation 3.5 it is the opposite way,

- page 27: in equation (3.8) there should have been (twice) py/p., instead of Der/ps as follows from
equation (3.6),

- page 28: in equation (3.9) there should have been (twice) pam/ps instead of Ds/Datms

- page 28: in line 2, paragraph 3.1.1.2 there should have been p, instead of p.,

- in picture 3.2 quantities V¢ and p;, are not defined in the text,

- page 30: in line 1 obviously there should be p; instead of p;,

- page 30: in equation (3.15) there should obviously be p; instead of p;,

- page 31: line 1 on the page: (4) — in picture 3.4 it is missing,

- page 31: x, dx/ds, d*x/d¢* represent the kinematic displacement excitation ... instead of coordinate
x it is necessary to use z,

- force Fq in equation (3.17) is also dependent on coordinate z and its derivation,

- page 33: in equation(3.20) £, is also a function of z,

- page 33: Iy at the end of the page is not defined,

- page 36: in the last line there are erroneous references to equations,

- page 38: in line 1 of the page there are erroneous references to equations,

- page 38: erroneous references to equations in line 2, paragraph 3.1.3,

- page 40: why e is used — so far e was used,

- page 44: quantity f in equation (3.40) is not defined,

- page 47: erroneous reference to equation (3.46),

- page 50: instead of reference to equation (3.11) there should have been reference to equation
(3.12),

- page 93: erroneous reference to picture 4.26,

- page 97: in line 1 there is a reference to a table which does not exist.

Questions for the Ph.D. student:

1) Characterize the meaning of two modes used in examining the system with pneumatic spring
(mode with constant stiffness and mode with constant pressure in PSE), stating what you have
expected from them and how they differ from the standpoint of their realization.

2) What significance do the constants of PID regulator have, and why have you chosen the values
used of these constants?

3) Why have you only compared the characteristics of the seat with the original pneumatic spring,
and the improved one, and why have you not taken in account also the seat without pneumatic
spring?

4) Can you imagine realization (both simulation, and experimental) of examining comfort of a seat
in compliance with ISO 2631, with or without a pneumatic spring in the seat, in the car?

Conclusion
Ph.D. student has used in his thesis appropriate methods and has shown ability to apply them in

solving a demanding multidisciplinary problem of simulation and experimental examination of
static and dynamic characteristics of system of pneumatic spring consisting of a mechanical part,




and of feedback electro-pneumatic controlling subsystem.

Ph.D. student has presented in his thesis and other published materials new knowledge in this field
of science together with valuable theoretical and practical assets and that is why

I recommend his thesis for defence
in the field of science Applied mechanics
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Oponentsky posudok dizertacnej prace

MSc. Tien Tran Xuan: MODELLING OF DYNAMICAL AND STATICAL
PROPERTIES OF A CAR SEAT WITH ADJUSTABLE PRESSURE PROFILE

Doktorand sa v préci zaobera modelovanim a dynamickou analyzou existujiicej patentovanej
pneumatickej pruZiny a d'aldim zlepSenim jej statickych a dynamickych vlastnosti s ciefom
zvySenia komfortu cestujiicich vo vozidlach. Tato pneumatickd pruzina méZe po vioZeni do
automobilovej sedatky ovplyvnit' rozloZenie kontaktného tlaku medzi seddkom a T'udskym
telom a zlepsit' tak pohodlie prepravovanych osob. Rieseny systém je zlozeny z mechanickej
Casti a elektro-pneumatického riadiaceho subsystému s kompresorom, zasobnikom,
pneumatickou pruZinou, pneumatickymi aktuatormi, senzormi tlaku, PID regulatorom atd’.
Modelovanie takéhoto systému vyZaduje multidisciplingrny pristup, schopnost vytvorit’
komplexny matematicky model opisujiici mechanicki, elektricku, pneumaticky i riadiacu
Cast’ celého systému a zabezpedit' i experimentalne overenie numerického riesenia.

Dizertatna praca ma 103 stran vrétane prilohy a je logicky rozdelena do piatich kapitol.
Obsahuje i Publikacie autora.

Ciel' prace moZno stru¢ne charakterizovat’ ako zlepSenie regulcie tlaku v pneumatickej
pruzine v porovnani s existujiicou pneumatickou pruZinou tak, aby dolo k zrychleniu jej
reakcie a zlepSeniu jej statickych a dynamickych charakteristik - hlavne pokial’ ide o prenos
zrychlenia medzi seddkom a hmotou na pneumatickej pruZine.

V 1. kapitole (Uvod) je uvedeny dobry prehl'ad problematiky tykajuci sa nielen konven¢nych
sedaciek s poduskami, ale i sedatiek odpruzenych pomocou pruzin a tlmiov. Zdoraziluje sa,
ze premennd tuhost seddku umoziuje personaliziciu sedatky (prispdsobenie tuhosti
pneumatickej pruZiny hmotnosti sediacej osoby a jej vnimaniu komfortu). Myslim viak, ze
by bolo pre doktoranda uZitotné, ak by sa bol hlbsie oboznamil aj s problematikou nielen
pasivneho, ale i semiaktivneho a aktivneho odpruzenia sedaciek a automobilov. MnoZstvo
takychto prispevkov mozno najst’ napr. v &asopise Vehicle System Dynamics. Umoznilo by
to doktorandovi vidief moZnosti aplikécie vyvinutej pneumaticke; pruziny v §ir§ich
suvislostiach celkového odpruZenia vozidiel. V tejto stvislosti nie je vhodné nazyvat’
pneumatickil pruZinu rieSent v praci ako aktivny vibroizolaény prvok. Na konci tejto kapitoly
st uvedené detailne rozpracované ciele prace.

2. kapitola sa venuje sedatke s nastavitelnym tlakovym profilom. Vychédza sa z patentu,
ktorého autorom je doc. Ing. D. Cirkl, Ph.D. V kapitole je podrobne opisany spéatnovézobny
elektro-pneumaticky riadiaci subsystém, ktorého cielom je zabezpetit spojitd zmenu tuhosti
sedaku pomocou doii vloZenej pneumatickej pruziny (PSE). Riadiaci systém bol vytvoreny v
Labview prostredi. Pre vySetrenie Casovej odozvy systému (rychlosti reakcie systému) sa




definuji 2 pracovné rezimy. Prvym je rezim s konstantnou tuhostou a druhym je rezim s
kon3tantnym tlakom v PSE. Tu bolo vhodné podrobnejie opisat’ podstatu oboch rezimov a
naro¢nost’ ich realizécie, pretoze dynamické charakteristiky oboch rezimov st si blizke, ako
je vidiet' v 3. kapitole.

Kapitola 3 je venovand odvodeniu matematického modelu pévodného i doktorandom
zdokonaleného systému a vy¥etruji sa ich statické i dynamické charakteristiky. Tu treba
ocenit’ schopnost’ multidisciplinarneho pristupu doktoranda, pretoZe bolo potrebné uvazovat
nielen mechanicki, ale i elektricku, pneumatickti a riadiacu ¢ast systému. Vel'mi dobre je
zvladnuta i experimentdlna Cast’ prace potrebna bud’ na overenie simulaénych modelov, alebo
na ziskanie hodndt parametrov simulaénych modelov. Snaha doktoranda na zlep3enie
systému je zamerana na zniZenie reakénej doby systému zvéicienim objemu PSE a zlep3enie
funkcie elektro-pneumatického riadiaceho subsystému. Vyéitat mozno doktorandovi niekde
dost’ neprehl'adné zostavovanie matematického modelu hlavne zlepSeného systému. Casté st
i chyby v odkazoch na rovnice. Niekde nebolo vyjadrovanie dostatoine presné, hoci
angli¢tina je v praci velmi dobra. Casto nie sa dostatoéne diskutované vysledky numerického
modelovania, resp. nie si viaceré javy dostatotne fyzikalne vysvetlené. Vysoko viak treba
ocenit aj experimentalnu Cast’ kapitoly a celkovii prepracovanost metodiky numerickej i
experimentalnej analyzy v kapitole.

Na str. 40 bolo vhodné vysvetlit' volbu konitant PID regulatora, ako tieto ovplyviiuji
dynamické charakteristiky - napr. preco je integratna konitanta nulova? V priebehoch
nicktorych veli¢in v obr. 3.13 aZ 3.21 si nezrovnalosti. Na str. 57 v obr. 3.39 od ¢asu asi 12 s
vychylka x(7) hmoty m prakticky okamZite sleduje priebeh budenia z(#), naviac bez nejakého
prechodového pohybu, o by si tiez vyzadovalo vysvetlenie. Hoci obr. 3.38 dokumentuje
rychlejiu reakciu zlepSeného systému, porovnanie prenosov zrychlenia napr. na obr, 3.40
ukazuje len malé rozdiely v prenosoch zrychlenia pdvodného a zlepieného systému.
Odportc¢al by som porovnéavat’ nielen sedacku s aplikovanym pdévodnym a zlepSenym PSE,
ale aj sedacku bez PSE. Takto by bolo mozné lepsie dokumentovat’ vyznam PSE v sedadke.
A tiez by bolo vhodné vySetrovat’ odozvu systému aj na stochastické budenie (namerané na
podlahe automobilu pod sedatkou). V d’aldich pracach by som odporical v&siu pozornost
venovat’ kvantifikovanému hodnoteniu komfortu podla predpisov ISO, & by umoinilo
presvedcivejsie preukazanie pozitivneho vplyvu PSE na zvy$enie komfortu osoby na sedacke
s aplikovanym PSE.

Vo 4. kapitole bol vytvoreny MKP model kontaktu medzi sedatkou a sediacou osobou,
vratane zjednoduleného modelu ¢loveka sediaceho na sedacke s dérazom na modelovanie
predovsetkym Casti ¢loveka v kontakte so sedatkou. Metodika modelovania je vel'mi dobre a
detailne premyslen4 a realizovand. Vykonané sii i numerické a experimentélne testy potrebné
na uréenie hodndt viacerych parametrov modelu. Niektoré zjednodusujiice predpoklady boli
opravnené, o Com sved¢i i dobra zhoda vysledkov simulaéného i experimentalneho modeh.

5. kapitole (Zaver) mozno vygitat prilismi struénost, va&inou len opakovanie uz v
predchadzajicich kapitolach uvedenych konstatovani a vieobecnost bez potrebnych
kvantifikovanych hodnoteni. Chyba mi (uZ skor spominané) kvantifikované hodnotenie
komfortu podl'a normy ISO 2631, stochastické budenie a zakomponovanie prace do modelu
odpruZenia celého vozidla.

Vyznam dizertacnej prace pre odbor

Praca ma vyznam pre odbor Aplikovana mechanika. Zdokonalens pneumatick4 pruzina moze
po vloZeni do automobilovej sedacky ovplyvnit' rozloZenie kontaktného tlaku medzi seddkom
a l'udskym telom a zlep3it' tak pohodlie prepravovanych osob. S tym siivisi vyznam prace pre




prax. Z hladiska vedeckého ide o vySetrovanie originalneho multidisciplinarneho zariadenia
zloZeného z mechanickej Casti a elektro-pneumatického riadiaceho subsystému s podrobne
rozpracovanym metodickym pristupom k simulaénému modelovaniu i experimentalnym
overeniam.

Vyjadrenie k postupu riefenia problému, pouZitym metédam a spineniu stanoveného
ciel’a.

Postup riesenia problému povazujem za vhodny. Metodika simulatného vySetrovania i
experimentala Cast’ prace sit podrobne rozpracované a vhodne realizované. Pouité st vhodné
softvéry a experimentélne zariadenia. Doktorand v praci preukézal velmi dobré zvladnutie
tychto nastrojov a ich vhodnu aplikéciu pri rie$eni iloh. Stanovené ciele definované na str.
12 prace boli bezo zbytku splnené. Do buducnosti by som viak odporudal vadsie zameranie
na kvantifikované hodnotenie komfortu s pouZitim normy ISO 2631, vyutitie stochastického
budenia a zakomponovanie vyvinutej pneumatickej pruziny do modelu odpruZenia celého
vozidla (resp. do realneho vozidla).

Stanoviske k vysledkom dizertalnej price a vyznamu Kkonkrétneho prinosu autora
dizertacnej prace.

Vysledky dizertatnej price povaZujem za cenné ako z hladiska teoretického, tak i
praktického. Autor dizertadnej prace preukéazal schopnosti potrebné pre vySetrovanie
origindlneho multidisciplinarneho zariadenia zloZeného z mechanickej Casti a elektro-
pneumatického riadiaceho subsystému. Zdokonalil existujicu patentovant pneumaticka
pruzinu a ukazal jej moZnosti pre ovplyvnenie kontaktu medzi sedatkou a sediacou osobou
¢o umoZiluje personalizdciu sedatky podl'a vnimania sediacej osoby.

Vyjadrenie k systematickosti, prehladnosti, formalnej wéiprave a jazykovej urovni
dizertanej praice.

Naro¢na multidisciplindrna tloha, rieSend simulanymi i experimentalnymi prostriedkami
(Casto sa navzdjom dopliiujicimi), si vyZadovala detailne prepracovany systematicky pristup.
A takyto pristup bol v préci prezentovany. Praca je veelku prehladnd, ale vy€itat’ moZno
autorovi niekde dost’ neprehl'adné zostavovanie matematického modelu hlavne zlepSeného
systému. Praca obsahuje vela chybnych odkazov na rovnice. Casto nie st dostatotne
diskutované vysledky numerického modelovania, resp. nie st viaceré javy dostatotne
fyzikalne vysvetlené. Niekde nebolo vyjadrovanie dostatodne presné. Formélna trovert préce
je vel'mi dobra.

Jazykova uroveii prace (v anglickom jazyku) je vel'mi dobra.

Vyjadrenie k publikicidm doktoranda.

Doktorand ma 6 publikécii, z toho 3 boli publikované v Casopise Journal Vibroengineering
PROCEDIA, zrejme po ich prezentovani na troch medzinarodnych konferenciach (z toho dve
v zahrani¢i a jedna v CR) a d’alsie 3 st konferenéné publikicie, z toho 2 na konferencidch s
medzinarodnou ti¢astou v CR a jedna na medzinarodnej konferencii v CR. Tieto publikécie

povaZzujem za dostato¢né, ale do budiicnosti by som odporagal publikovat v Casopisoch s
vyS8im IF,

Pripomienky k prici a menej vjznamné chyby (&islovanie stran odpoveda pdf stiiboru)

— str. 1: nespravne pisany titul MsC.,




str. 14: chyba rozmer veli¢iny Cr,

str.14: v tabul’ke Notation and Symbols chybaji viaceré velitiny pouzité v praci, napr.: V,,
pC’s pl'ﬂ.ﬁ qc‘?" p)"a q;vva
str. 24: algorithm - nie algorythm,

str. 25: na tejto strane je tlakova chyba definovana ako rozdiel medzi Ziadanym tlakom Pa
a okamzZitym tlakom p, v PSE, ale v rov. (3.5) je to opatne,

str. 27: vrov. (3.8) by malo byt (2 krat) p, / p., namiesto p,,/ Ps, ako plynie z rov. (3.6),
str. 28: vrov. (3.9) by malo byt (2 krat) p,,, / ps namiesto p,/ pam ,
str. 28: v 2. riadku odstavca 3.1.1.2 ma byt p,, miesto p,,

v obr. 3.2 pouzité veli¢iny V- a p,, nie si v texte definovang,

str. 30: v 1. riadku mé zrejme byt p,,. miesto p,,

str. 30: vrov. (3.15) ma zrejme byt p,, miesto p,,

str. 31: 1. riadok na strane: (4) - v obr. 3.4 chyba,

str. 31: ... x, x, ¥ represent the kinematic displacement excitation... miesto suradnice x
treba pouZit’ z,

sila #4 v rov. (3.17) je zavisla aj na siir. z a jej derivacii,

str. 33: vrov. (3.20) je F, aj funkciou z,

str. 33: V, na konci strany nie je definované,

str. 36: v poslednom riadku st chybné odkazy na rovnice,

str. 38: v 1. riadku strany st chybné odkazy na rovnice,

str. 38: chybné odkazy na rovnice v 2. riadku odstavca 3.1.3,

str. 40: preco je pouZité e, - doteraz sa pouzivalo e,

str. 44: veli¢ina f; v rov. (3.40) nie je definovans,

str. 47: zly odkaz na rov. (3.46),

str. 50: namiesto odkazu na rov. (3.11) ma byt odkaz na rov. (3.12),
str. 93: zly odkaz na obr. 4.26,

str. 97: v 1. riadku je odkaz na tabul’ku, ktora neexistuje.

Otazky pre doktoranda:

)

2)

Charakterizujte vyznam dvoch rezimov pouZitych na vySetrovanie systému s
pneumatickou pruZinou (reZim s kontantnou tuhostou a re#im s konstantnym tlakom v
PSE), o ste od nich oakavali a ako sa lisia z hladiska ich realizacie.

Aky vyznam maji kon3tanty PID regulatora a predo ste zvolili pouzité hodnoty tychto
konstant?




3) Preto ste porovnavali len charakteristiky sedacky s pneumatickou pruzinou pévodnou a
zdokonalenou a neuvaZovali ste i sedatku bez pneumatickej pruZiny?

4) Viete si predstavit realizaciu (simula¢ni i experimentalnu) vySetrovania komfortu
sedacky podla ISO 2631 s pneumatickou pruZinou v sedalke i bez nej priamo v
automobile?

Zaver:

Doktorand vo svojej praci pouzil vhodné metédy a preukazal schopnost’ ich aplikacie pri
rieSeni nédrofného multidisciplinarneho problému  simuladného a experimentalneho
vySetrovania statickych a dynamickych charakteristik systému pneumatickej pruZziny
pozostavajiiceho z mechanickej Casti a spatnovazobného elektro-pneumatického riadiaceho
subsystému.

Doktorand prezentoval v dizertaénej praci i v d’algich publikovanych pracach nové poznatky
v rieSenej oblasti s cennymi teoretickymi i praktickymi prinosmi a preto

odporicam jeho pracu k obhajobe
vo vednom odbore Aplikovani mechanika

@A

V Koficiach, 7. 6. 2020 prof. Ing. Stefan Segla, CSc.
Strojnicka fakulta, TU Kosice




REVIEW
of the dissertation thesis of MSec. Tien Tran Xuan

Modelling of dynamical and statical properties
of a car seat with adjustable pressure profile

The dissertation thesis deals with the investigation of properties of a pneumatic spring
element (PSE), which should improve the properties of car seats, and increase the passenger
comfort by better distribution of pressure between human body and the seat. The work
follows the research works done at the department KMP. The submitted thesis has 103 pages
including the Appendix, a list of references and the list of author’s publications.

The main part of the thesis is divided into four chapters. The first chapter outlines the topic
and the goals of the work. Chapter 2 describes the investigated seat, the mechanical system
with a pneumatic spring element and electro-pneumatic control system. The next chapter
presents the mathematical model of the control and of the spring element with latex tube. In
addition to the original arrangement, also this improved system is studied, and the dissertant
compares the response of the computer and mass models. Using Matlab, he investigates the
response of the system under static and dynamic load in two modes: with constant stiffness
and constant pressure. The transmission of acceleration was studied, defined as the ratio of
amplitudes of the accelerations of mass and of excitation.

Chapter 4 presents the analysis of mechanical response by the finite element method (done via
the FEM code Marc). Stress-strain diagrams were created for a latex membrane and for a
cylindrical spring, and a constitutive model (Mooney-Rivlin) was derived for the foam
material. The model parameters were found via measurements done on a test sample.

The results proved a good coincidence of the relationships ,,contact force — deformation,
obtained by the mathematical model and by experiment. They also proved positive influence
of the additional pneumatic spring element on the distribution of contact pressure.

EVALUATION OF PARTIAL CRITERIA:

a) The investigated area is topical. The dissertation thesis brings valuable knowledge, and is
especially important for the branches Construction of machines and Transport means.

b) The dissertant has treated the problem in a systematic and lo gical way. He has used suitable
methods both theoretical and experimental. ’

¢) The results are useful for the branches Construction of transport means and Control. In
applications, they can contribute to the comfort of the driver and to the ride safety.

d) The dissertation thesis is written clearly. The form of writing and language level are very
good,

e) The dissertant has published six papers on the topic in specialised journals and proceedings
of international conferences. In five cases he was the first author and once a co-author.

A question to the dissertant: What does he consider as the most important outcome of his
work?




General review

The dissertation work of MSc. (Ing.) Tien Tran Xuan is topical. The thesis is worked out very
carefully, and is of high quality. It is written clearly, and brings valuable knowledge, obtained
by systematic scientific work. The dissertation thesis contains — in addition to new
information — also proposals for the use of the results related to the behaviour of the
investigated materials and components. A part of the results has been published.

I recommend that MSec. Tien Tran Xuan may defend his thesis, and, after a successful
defence, he is awarded the title

Doctor of Philosophy (in abbreviation PhD. behind the name).

(o

17th February 2020 prof. Ifg. Jaroslav Mencik, CSc.
niversity of Pardubice




OPONENTNI POSUDEK
disertacni prace pana Ing. Tien Tran Xuan

Modelling of dynamical and statical properties

of a car seat with adjustable pressure profile

Disertaéni price se zabyva modelovanim dynamickych a statickych vlastnosti ptidavného
pneumatického pruziciho prvku, ktery mé zlepsit vlastnosti odpruzené sedacky silni¢nich
vozidel lepsim rozloZenim kontaktniho tlaku mezi lidskym télem a sedidkem. Disertant
navazal na prace konané na Skolicim pracovisti (KMP). Predlozen4 disertace ma 103 strany
veetn¢ pfiloh, seznamu pouzitych zdroji a piehledu publikaci disertanta.

Hlavni ¢ast prace je rozdglena do &tyf kapitol. V tivodni kapitole je nastinéna problematika a
formulovény cile disertace. V kapitole druhé je popséna feSené sedacka, mechanicky systém s
pneumatickym pruZicim prvkem a elektropneumaticky Hdici systém. V kapitole 3 je popsan
matematicky model ¥idiciho systému a latexového pruziciho trubicového elementu. Kromé
pivodniho uspofadéni je tam i zdokonaleny systém s ptidavnou pryZovou trubici, a disertant
porovnaval odezvu modelu redlného a pocitatového. S pouzitim Matlabu zkoumal chovani
systému pii statickém a dynamickém buzeni, a to pfi dvou zpiisobech &nnosti: s konstantni
tuhosti a pfi konstantnim tlaku. Zde zkoumal ptedeviim pienos zrychleni, definovany jako
pomér amplitudy zrychleni hmoty a amplitudy zrychleni buzeni.

V kapitole 4 se zabyva analyzou mechanické odezvy metodou konednych prvkl (program
MARC). Vytvotil diagramy napéti — pretvoteni pro latexovou membranu a valcovou pruzinu,
a navrhl konstitutivni Mooneytiv-Rivlindv model pro p&novy material. Parametry modelu
nalezl na zdklad¢ mé¥eni, kterd provedl na zkusebnim vzorku.

V zavérecné paté kapitole jsou shrnuty vykonané price a dosazené vysledky. Ty ukazaly
dobrou shodu mezi pribehy zavislosti kontaktni sila — deformace, ziskanych matematickym
modelem a experimentdlng. Prokazaly i piiznivy vliv pfidavné pneumatické pruZiny na
rozloZeni kontaktniho tlaku.

HODNOCENTI DILCICH HLEDISEK:
A)  Zkoumana problematika je aktudlni. Disertatni price pfina$i cénné poznatky a ma
vyznam zejména pro obory Stavba stroji a Dopravni prostiedky.

B) Disertant pfistoupil k feSeni problému systematicky a logicky. Zvolil vhodné metody
teoretické a experimentalni.

C) Vysledky maji vyznam pro oblast stavba vozidel, zejména odpruZeni a jeho fizeni.
V aplikaci pfispéji ke zvySen{ komfortu fidi¢e a bezpetnosti jizdy.

D) Préce je napsana piehledng, formalni tiprava i jazykova trovet jsou velmi dobré.

E) Disertant publikoval na dané téma 6 praci v &asopisech a sbornicich mezinarodnich
konferenci; u péti byl prvnim autorem, u jedné byl spoluautorem.

Dotaz na disertanta: Co povaZuje za nejlepsi vysledek a nejv&tsi piinos své prace?




Celkové hodnoceni

Téma disertaéni prace Ing. Tien Tran Xuana je aktudlni. Price je zpracovana velmi pedlivé,
ma vysokou odbornou troven, je sepsana srozumiteln& a obsahuje cenné poznatky, které byly
ziskany systematickou védeckou praci. Prace obsahuje krom& novych poznatki i navrhy pro
vyuziti ziskanych znalosti o chovani zkoumanych materidli i konstrukénich prvki a
konstrukei. Cést poznatki jiZ byla publikovana.

Doporuguji, aby ing. Tien Tran Xuan byl pfipustén k jeji obhajobg, a aby mu po tisp&né
obhajob¢ byl udélen titul

doktor (vezkratce PhD. za jménem).

17. tnora 2020 prof. lfyg. Jaroslav Menéik, CSc.
: niverzita Pardubice




Examiner’s report on doctoral thesis of Mr Tien Tran Xuan titled

»Modelling of dynamical and statical properties of a car seat with adjustable profile

Examiner: Prof. Dr. Ing. Jan Dupal

For evaluation a Ph.D. thesis has been submitted bearing the above mentioned title counting
103 pages including pictures and appendices. The positive aspect is the list of the terms used but in
some cases the explanation of the symbols and abbreviations used is missing. The principal
substance of the thesis is the assembling of a complex model of a transport vehicle seat where an
electro-pneumatical controlled pneumatic spring and polyurethane foam in the seat cushion are
used, together with the improvement of the former using an additional latex tube. Larger volume of
pneumatic spring enables faster effect of the feedback towards the reduction of an undesired vertical
acceleration of the seat which, after the multiplication of a certain weight function, is the criterion
of the comfort of travelling. This function takes into account the different sensitivity of a human
body towards the frequency of acceleration to which it is exposed. This is of a great importance for
the application of the optimization process of the model’s parameters. However, the substance of
the theses is not the optimization of the model but only the improvement of its properties. I also
suppose that the optimization of the parameters while solving this problem would hardly be
feasible. The model mentioned, relatively in detail, simulates the behaviour of the real cushion and
observes the properties of the materials and the media which comprise the pneumatic spring and the
whole seat. The result of the thesis are discreet models of nonlinear seat which are described by a
system of ordinary evolutional differential equations. These models consist of several subsystems
which are combined with links among state variables. However, the source materials for piecing
together this complex model require the solution of a whole set of partial problems. Some of the
parameters of the resulting model have been obtained by physical experiments, while others by
simulation of behaviour of program modules based on FEM. During the collection of these
parameters, results acquired by physical experiment, and numerical calculation have been compared
as well.

I suppose that the findings of the theses present a great contribution for the future production
of controlled seats for transport vehicles on the commercial basis, oriented to greater comfort of a
user. I am convinced that the range of activities which have been a part of the thesis (physical
experiments, numerical simulations, putting together a controlled actuator etc.), is considerable.

Following, there are several questions and comments which I have:

- In the equation (3.1.) in the second term there is Ap which does not belong there.

- As to picture. 3.1 there is no explanation (perhaps I have not noticed) what VDC means.
Do the curves in picture 3.1a mean envelopes from the values recorded?

- With previous approximations regression with cubical polynomials is used. Why in the
relation (3.25) a polynomial of the 15-th grade is applied? The curve is not that ,,wild“ and
in the case of approximation with polynomial higher than 10-th grade, the conditionality of
the matrix for the calculation of coefficients is aggravating and the results may distort the
whole regression.

- Question as to picture 3.9. Does, or does not influence the pressure in parts V; and Vs the
volume of V,? The thesis proceeds from the assumption that the volume V> is constant.

- Question as to picture 3.12. Why is the curve in blue closed? Is it again the envelope of
the values recorded?

- 312 — the numbers of the equation (3.37) do not fit. These numbers are incorrect in the
greater part of chapter 3 which downgrades the comprehensibility.




- Picture 3.32a. The values recorded are marked in red solid line with disregard to the fact
that these are discreet values. It would probably be more suitable to mark the values
recorded with e.g. dots.

Conclusion:

Despite all, more or less formal comments I suppose that the theses offers relatively coherent view
of modelling the controlled seat of a transport vehicle, including time-consuming collection of all
necessary input parameters of the complex model. Hereafter, my view is that the theses meets all
the criteria demanded, and that’s why I recommend it for defense, and also for bestowing the title
of Ph.D. according to the respective law.

Plzeti, March 4th, 2020 Prof. Dr. Ing Jan Dupal
Mechanics department
Faculty of Applied Sciences
University of West Bohemia




Oponentsky posudek doktorské disertacni prace pana MSec. Tien Tran Xuan
S nazvem

Modelling of dynamical and statical properties of a car seat with adjustable
profile

Oponent: Prof. Dr. Ing. Jan Dupal

K posouzeni byla predloZena disertaéni prace vy$e uvedeného ndzvu o rozsahu 103
stran véetné obrazkl a priloh. Pozitivni strankou prace je seznam pouZitych znaceni, aviak ani
ten v nékterych pripadech neosvétlil vSechny pouzité symboly nebo zkratky. Hlavni ndplni
prace je sestaveni komplexniho modelu sedacky dopravniho vozidla s elektro-pneumaticky
fizenou pneumatickou pruZinou, polyuretanovou pénou umisténou v pol§tafi sedacky a jeho
nasledné vylepSeni pomoci pfidavné latexové trubice. VE&t§i objem pneumatické pruZiny
umozZiluje rychlej§i plisobeni zpétné vazby na redukci nezadouciho vertikdlntho zrychleni
sedaCky, které byvd po nasobeni jistou frekvenéni vahovou funkei méfitkem komfortu
cestovani. Tato funkce zohlediluje rozdilnou citlivost lidského téla na frekvence zrychleni,
kterému je vystaveno. To mé velky vyznam pii aplikaci optimalizaéniho procesu parametr
modelu. Néplni préce v8ak neni optimalizace modelu, ale jen zlepSeni vlastnosti. Také se
domnivdm, Ze optimalizace parametrG by pii feSeni tohoto problému byla obtiZné
realizovatelnd. Zminény model pomérné podrobné simuluje chovéni celého dila a respektuje
vlastnosti materidli a média, znichZ je pneumatickd pruZina a celd sedacka sloZena.
Vysledkem préce jsou diskrétni nelinedrni modely sedalky, které jsou popsdny soustavou
obyCejnych evolu¢nich diferencidlnich rovnic. Tyto modely se skladaji z nékolika
subsystémil, které jsou vazény pomoci vazeb mezi stavovymi proménnymi. Podklady pro
sestaveni tohoto komplexntho modelu vSak vyZaduji feSeni celé fady diléich problémd.
Nekteré parametry vysledného modelu byly ziskany pomoci fyzikalnich experimentd, jiné
parametry musely byt ziskany simulaci chovani pomoci programovych modult zaloZenych na
MKP (FEM). Pfi ziskdvéani t€chto parametrd doSlo i na srovnani vysledkld ziskanych
fyzikalnim experimentem a numerickym vypoctem.

Domnivadm se, Ze vysledky disertaéni prace maji velky pfinos pro tcely budouci
vyroby fizenych sedadek pro dopravni vozidla na komeréni bazi s cilem zvySeni komfortu
uZivatele. Jsem presvédCen, Ze objem cEinnosti, které byly soucésti disertace (fyzikélni
experimenty, numerické simulace, sestaveni ¥izeného aktuatoru atd.), je zna¢ny.

K praci mam nékolik otdzek a pfipominek:

- Vrovnici (3.1) je v druhém ¢lenu obsazeno Ap, které tam nepatfi

- Kobr. 3.1 neni vysvétleno, nebo jsem nepostiehl, co je VDC. Kiivky vobr. 3.1a
znamenaji obaly z naméfenych hodnot?

- U pfedchozich aproximaci je pouZita regrese kubickymi polynomy. Pro¢ je ve vztahu
(3.25) pouzit polynom 15. stupné? Ta kiivka neni tak ,,divokd* a v pfipad& aproximace
polynomem vy$§im neZ 10. stupng, se velmi zhorSuje podminénost matice pro vypocet
koeficientd a vysledky mohou zkreslit celou regresi.

- Otézka k obr. 3.9. Ma nebo nema vliv tlak v éastech Vi a V3 na objem V3 ? V prici se
pfedpoklada, Ze objem V3 je konstantni.

- Otazka kobr. 3.12. Pro¢ je kiivka modrou barvou uzaviend. Jde opét o obal
naméfenych hodnot?




- 312 nesedi &isla rovnice (3.37). Ta &isla jsou nespravna ve velké &sti kapitoly 3, a
proto se velmi sniZila srozumitelnost

- Obr. 3.32a. Naméfené hodnoty jsou vyznaleny spojitou &ervenou Sarou navzdory
faktu, Ze jde o diskrétni hodnoty, takZe by asi bylo vhodng&jsi vyznacit naméfené
hodnoty znackami (napf. teckami)

Zavir:

Navzdory viceméné formdlnim pfipominkdm se domnivam, Ze prace ddva pomérné uceleny
pohled na modelovani fizené sedacky dopravniho vozidla véetnd pracného ziskdvani
potfebnych vstupnich parametrt komplexntho modelu. Dile se domnivam, Ze prace splituje
kritéria na ni kladend, a proto ji doporuduji k obhajobé a udéleni titulu PhD. podle
piisluSného zdkona.

<

V Plzni dne 4. 3. 2020 Prof. Dr. Ing. Jan Dupal
Katedra mechaniky
Fakulta aplikovanych véd
Zéapadoceska univerzita v Plzni




